An analysis of the experiments to date on photo-nuclear reactions in heavy nuclei leads to the following results. There is a correlation between the energy at which the (~, n) cross section is a maximum and the (~, 2n) threshold. The shape of the total photon absorption cross sections in Sb and Ta can be for the fraction of exchange force in the neutron-proton interaction, assuming that all of the photo-effect is due to electric dipole transitions.
W"~ffler measured the ratio of emitted protons to neutrons from nuclei irradiated by 17.5 Mev 11-rays and found that this ratio was UCRL-1581 -4-much higher than that predicted by compound nucleus theory. Another apparent discrepancy arose when it was established that the (~, n) cross section in medium weight elements had a maximum around 20 Mev and dropped off sharply for higher energies. According to compound nucleus theory, this drop-off should be due to the competition to the (~, n) reaction afforded by the (lr, 2n). But experimentally, it appeared that the ("6"", 2n) cross section was much too small to furnish appreciable competition. It was this discrepancy, among· 40 others, that led Goldhaber and Teller to propose their special model of nuclear dipole vibrations. Finally, various observers have found that the angular distribution of high energy protons from (~, p) reactions is not spherically symmetrical, in contradiction to the predictions of the compound nucleus.
On the other hand, there were experiments which were in good agreement with compound nucleus theory. Thus, the angular distribution of the low energy neutrons and protons produced in the nuclear photoeffect was measured by various workers and found to be spherically 10,11,30 symmetrical Also, the energy distribution of the neutrons 11 and protons was in good agreement with the compound nucleus model 16 Moreover, Byerly and Stephens measured the ratio of neutrons to protons emitted from Cu when irradiated with 24 Mev~bremsstrahlung and found excellent agreement with the predictions of Weisskopf and 41 Ewing , which were based on the compound nucleus model.
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M. Goldhaber and E. Teller, Phys. Rev. 74, 1046 (1948 is the sum of all processes in which a photon is absorbed~ i.e., it is the sum of the cross sections for all such processes as hence, the fraction of exchange force in the n-p interaction.
II. Summary of Data
In Table I we present a summary of the data available on photo-nuclear reactions. There are some interesting features to note in this table. The first is the rather regular rise of the integrated cross section for("(', n) reactions. Also, there is a slight indication that for elements heavier than Cu, the (lr, n)
half-width decreases slowly with Z. As opposed to the (1f, n) reactions, the integrated cross section for (1), p) reactions rises UCRL-1581 This is easily understandable as due to the effect of the coulomb barrier. It suggests that in heavy elements one can confine attention to processes in which a neutron-is emitted. The last point to be noted in Table I is that the integrated cross section for the cr ' pn) reaction in a medium weight element can be much 30 64
larger than that for the (1), 2n) reaction. For
Zn , e.g., the integrated (1r, pn) cross section is about 0.4 of the integrated
(1(, n) cross section. This suggests that, if the statistical model holds, competition in medium weight elements may be provided by (1), pn) rather than (,r, 2n) reactions.
UCRL-1581 could be caused by a dropping off of Pa(W). The last asstimption seems to us to be much less restrictive.
If we make it~ we would expect to find a .correlation in heavy elements between the energy Wm at which the ("", n) cross section is maximum and the (11", 2n) threshold. We have restriet . . ~d this statement to heavy elements because, as ~e have discussed * We shall let the subscript a signify several particles if the excitation energy W ·is high enough that they can be emitted.
•, IW. Estimate of (~, n) and (""6', 2n) c·ross Section for Sb and Ta.
In this section, we attempt to estimate the (1) , n) and (~, 2n) cross sections as a function of photon energy and hence, the total cross section below the (~, 3n) threshold, for Sb and Ta. We already know something about the total cross section in Sb and Ta, since we know the shape of the ( '6, n) cross section and up to the (lr, 2n) threshold this is the total cross section. In the last section, we found that the (1r, n) cross section had a maximum, i.e., was flat just at and below the (lf, 2n) threshold.
In view of the correlation we have found between the energy at which the (11, n) reaction is maximum and the(~, 2n) threshold, it seems very reasonable to assume that the total cross section is fairly flat just beyond the maximum. Starting from this, we can estimate the total cross section above the (11, 2n) Our estimate of the absolute magnitude of the (1r, n) cross section is insensitive to theestimated shape of the (lr, 2n) cross sections, since most of the neutron yield with 18 Mev bremsstrahlung from Sb and Ta comes from the (lr , n) r.eaction.
We can check and refine the above rough estimates using other experimental data. normalized to unity at the origin, do not differ by more than 30% at most and usually by much less than that. One can then quite reliably extrapolate them to find the transition curve due to a photon spectrum with 14 Mev maximum energy. This extrapolated curve is shown in Fig. 2, as curve II, normalized to Terwilliger's curve at radiative units. We see that for thicknesses greater than a radiation length, this curve w ·,th i VI +~ e e. x? (. ri ht~V\tttl e 'Y" rot' has the same shape~as the transition curve in Pb measured by In this section, we try to evaluate the total integrated cross section for photon absorption from experimental data. When this is done we can use this value in Eq. (1) to try to find the fraction of exchange force x in the n-p interaction. The total cross section for photon absorption is the sum of the cross sections for all processes in which a photon is absorbed and a particle (or photon) is 30 64 . .
emitted. There is sufficient data for the elements Zn and 73 181
Ta to evaluate the total cross section with reasonable accuracy.
Also, one can get a lower limit from the data on Sb. First, we present our data in Tables III, IV , V and then, discuss the data briefly. ( 'f, 2n)
.81
Section II and III.
(1', 0>7v) ~~otaldW is fairly accurate. Putting this value into the formula (1) gives a value x = .56 for the fraction of the exchange force in the n-p interaction. This is in good agreement with the ratio postulated by Serber to explain the high energy n-p scattering.
In Tables IV and V on the yields relative to Cu using "!-rays from the Li(p, -r")
reaction. This data is particularly sen~itive to the absolute value of the (~, 2n) cross section at l7.6'Mev. 
